Abstract. Experimental modal analysis of a turbine disk was conducted with the hammering method. The first five modals were obtained, matches well with calculation results of ANSYS, and proves the effectiveness of the experiment, provides a reference for further improvement of a certain engine.
Introduction
Gas turbine is a core component of the engine [1] . It works at high speed, high temperature, and poor working environment. Its stable operation is essential for the engine to work properly. If the gas turbine is excited by airflow or other external force during operation, it will cause great damage, which may cause the blade to break or even penetrate the engine casing [2] [3] [4] . Therefore, in the working environment, the gas turbine should meet the requirements of high vibration characteristics and structural rigidity.
However, gas turbines inevitably vibrate during normal operation. In order to prevent the gas turbine from resonating and causing damage, the modal analysis of the gas turbine is needed to understand the resonant frequency of the gas turbine and the corresponding natural vibration modes, so as to avoid the resonance frequency when the gas turbine is working and ensure the normal operation of the gas turbine [5] .
An experimental modal analysis of a turbine disk was conducted with the hammering method. The first five modals were obtained, matches well with calculation results of ANSYS, and proves the effectiveness of the experiment, provides a reference for further improvement of a certain engine.
Experimental modal analysis of a turbine disk
The modal analysis method is used to determine the natural frequency and natural mode of the system through modal test and parameter identification. The modal parameters can be determined by a series of frequency response functions, giving a certain excitation to the structural system, measuring the corresponding excitation and frequency response functions, and using the frequency response function to identify the modal parameters, called the frequency of the modal parameters. Domain identification method.
Modal experiment device
The signal acquisition and data analysis software used in this test is the DASP software of China Orient Institute of Noise and Vibration. It has multiple test and analysis modules such as signal acquisition, signal processing, signal generation, and DA conversion. With different hardware, it can complete a variety of different dynamic and static tests [6] . The system principle of this modal test is shown in Fig. 1 .
In order to accurately obtain the first few modes, a total of 640 measuring points are arranged on the turbine disk. The test model is shown in Fig. 2 . In order to simulate the free-free boundary conditions and the installation boundary conditions, respectively, the two sets of tests were carried out by means of free suspension and clamping. Two sets of test devices are shown in Fig. 3 and Fig. 4 . 
Experimental result
The first five natural frequencies and damping ratios are shown in Table 1 , and the corresponding vibration modes are shown in Fig. 5 and Fig. 6 . 
FEM calculation analysis
The processing of the model has a greater impact on the accuracy of the results [7] . In order to improve the calculation speed of the mesh quality, the model is pre-processed. Ignore arc end teeth, chamfers and holes, segment the turbine disk into a fan shape for periodic symmetric meshing. The first five natural frequencies and corresponding modes are solved under free-free boundary conditions and installation boundary conditions, as shown in Table 2 , Fig. 7, and Fig. 8 . 
Comparison of test and calculation results
The comparison between the test and calculation results under free-free boundary conditions is shown in Table 3 , under the installation boundary conditions is shown in Table 4 . Table 3 that the calculation results of the modes of the various modes under the free boundary conditions are consistent with the experimental results, but the frequency is slightly different, this may be due to the simplification of the model and the noise caused during the test. From Table 4 , it can be seen that the theoretical calculation does not yield the first-order mode shape obtained under the installation boundary condition. It is speculated that the mode shape is the fixture mode measured by the lower stiffness of the fixture. For the remaining modes and frequencies, the calculated values agree well with the experimental values. 
Conclusions
The comparison between the finite element calculation and the modal test of the turbine disk proves the validity of the test results and calculated values, and the static frequency characteristics of the turbine disk are obtained. The first-order frequency of the turbine disk under free boundary conditions is much higher than its operating speed, which provides a basis for further improvement of the design.
